The Broad Line Region (BLR) in AGN is composed of dense gas (∼ 10 11 cm −3 ) on sub-pc scale, which absorbs about 30 per cent of the ionising continuum. The outer size of the BLR is likely set by dust sublimation, and its density by the incident radiation pressure compression (RPC). But, what is the origin of this gas, and what sets its covering factor (CF)? Czerny & Hryniewicz (2011) suggested that the BLR is a failed dusty wind from the outer accretion disc. We explore the expected dust properties, and the implied BLR structure. We find that graphite grains sublimate only at T ≃ 2000 K at the predicted density of ∼ 10 11 cm −3 , and therefore large graphite grains (≥ 0.3 µm) survive down to the observed size of the BLR, R BLR . The dust opacity in the accretion disc atmosphere is ∼ 50 times larger than previously assumed, and leads to an inflated torus-like structure, with a predicted peak height at R BLR . The illuminated surface of this torus-like structure is a natural place for the BLR. The BLR CF is mostly set by the gas metallicity, the radiative accretion efficiency, a dynamic configuration, and ablation by the incident optical-UV continuum. This model predicts that the BLR should extend inwards of R BLR to the disc radius where the surface temperature is ≃ 2000 K, which occurs at R in ≃ 0.18R BLR . The value of R in can be tested by reverberation mapping of the higher ionisation lines, predicted by RPC to peak well inside R BLR . The dust inflated disc scenario can also be tested based on the predicted response of R BLR and the CF to changes in the AGN luminosity and accretion rate.
INTRODUCTION
The AGN characteristics of UV peaked continuum emission, with broad emission lines, is found over a vast range of bolometric luminosity, L bol , from ∼ 10 40 erg s −1 , observed in the nearest AGN (e.g. NGC 4395, Moran et al. 1999) , to ∼ 10 48 erg s −1 in AGN at a redshift of z ∼ 3 (Richards et al. 2006) . Why is accretion onto a massive Black Hole (BH) commonly associated with broad emission lines? Furthermore, why are these broad lines always associated with gas at an ionisation parameter of U ∼ 0.1, a typical density of n ∼ 10 11 cm −3 , and a covering factor CF ∼ 0.3? 1 Part of these questions may have been answered. A value of U ∼ 0.1 is naturally expected for photoionized gas compressed by ⋆ Contact e-mail: AB -alexeiba@soreq.gov.il, ALlaor@physics.technion.ac.il † Present address: Soreq Nuclear Research Center, Yavne 8180000, Israel 1 CF is the fraction of the ionising continuum converted to line emission. It equals the geometric CF, if the ionising radiation is isotropic.
the incident AGN radiation pressure (Baskin, Laor & Stern 2014a; Stern et al. 2016) . At U ∼ 0.1, dust embedded in the photoionized gas suppresses heavily the line emission, and most of the ionising radiation is absorbed by the dust and reemitted in the IR (Laor & Draine 1993; Netzer & Laor 1993; Ferguson et al. 1997; Stern, Laor & Baskin 2014 , Baskin et al. 2014a ). However, since no dust grains survive below
where L bol = 10 46 L 46 erg s −1 (Laor & Draine 1993 ; see refined calculations below), the dust sublimates and the gas becomes an efficient line emitter, only at R < R sub . Thus, even if photoionized gas is present on all scales in AGN, efficient line emission is found only at R < R sub . Indeed, reverberation mapping (RM), which measures directly the size of the Broad emission Line Region (BLR), R BLR , yields
over the entire observed range of AGN luminosities, L bol = 10 40 − 10 48 erg s −1 (Kaspi et al. 2005 (Kaspi et al. , 2007 . Thus, dust sublimation provides a natural mechanism for the outer radius of the BLR. RM of the near-IR K band emission confirms the presence of hot dust at ∼ 2R sub = 4R BLR (Suganuma et al. 2006; Koshida et al. 2014) , validating that the BLR is bound by hot dusty gas. 2 The universal density of the gas at the BLR, irrespective of luminosity, is naturally explained by the radiation pressure compression of gas at the dust sublimation radius. The required radiative flux in order to sublimate a spherical blackbody grain, is F = 4σT sub 4 , (the factor of 4 is the emitting/absorbing area). The grain sublimation temperature at the BLR density is T sub ≃ 2000 K (see Section 3), which is achieved when the incident flux is F = 3.63×10 9 erg s −1 cm −2 . The radiation pressure at R sub is therefore at a fixed value of F(R sub )/c = 0.12 T 
where T 2000 ≡ T sub /2000 K. Compression of the gas by the incident radiation pressure (RPC) gives P gas = P rad , i.e.
where n is the ionised gas electron density, and T its temperature (e.g. Stern et al. 2014 ). Photoionized gas is typically at T ∼ 10 4 K, so its density is n = F/2kT c ∼ few × 10 10 cm −3 . This naturally explains the typical value of n at R BLR , irrespective of the AGN luminosity. So, dust sublimation naturally gives R BLR , and RPC then gives U and n. But, where does the BLR gas come from? and why does it extend over a CF∼ 0.3? Careful simultaneous modelling of RM results and the gas kinematics suggests the BLR lies in a geometrically thick disc configuration, which is optically thick for the Hβ line (Pancoast et al. 2014; Grier et al. 2017) .
Since AGN are powered by accretion of gas, most likely in a thin disc configuration (e.g., Shields 1978; Capellupo et al. 2016) , the accretion disc (AD) is the most plausible source for the BLR gas. But, what mechanism lifts the gas from the disc to produce the required CF of the BLR? A natural mechanism is the underlying disc radiation pressure. This led to the suggestion of a UVdriven disc outflow (e.g., Shlosman, Vitello & Shaviv 1985; Murray et al. 1995; Proga & Kallman 2004) . However, the required disc launching radius for UV driving is ∼ 10 2 gravitational radii, R g = GM/c 2 , while the range of broad line widths of v =1000-10,000 km s −1 indicates R BLR ∼ 10 3 −10 5 R g (in Kepllerian motion v/c = R g /R). Alternatively, magnetic fields may be able to lift the gas, by either launching and accelerating a wind (Emmering, Blandford & Shlosman 1992; Lovelace, Romanova & Biermann 1998) , launching a disc outflow which is then driven by radiation pressure (Konigl & Kartje 1994) , or by the simultaneous effect of both radiation pressure and a magnetocentrifugal torque (Everett 2005; Keating et al. 2012) . However, given the somewhat divine attributes of magnetic fields (being omnipotent and working in mysterious ways), their significance cannot yet be firmly established.
An interesting new suggestion was made by gested that the disc outflow is launched by radiation pressure on a dusty disc atmosphere. This naturally solves the compact size problem of the disc UV launching mechanism, for the following reason. The disc surface temperature scales as R −3/4 . The required disc surface temperature for a dusty wind is ∼ 25 times smaller compared to a UV line driven wind (∼ 2000 K versus ∼ 50, 000 K). As a result, the implied radius is ∼ 25 4/3 ∼ 70 times larger, i.e. ∼ 10 4 R g instead of ∼ 10 2 R g , consistent with R BLR . At a small enough radius the disc atmosphere becomes too hot to allow grains to survive, and this radius will form the innermost radius of the BLR, R in , as a dusty wind cannot be launched at R < R in . As discussed by CH11 (see below), AD models give R in ∝ L 1/2 , and an absolute value which is a few times smaller than R sub . Thus, a dusty wind is launched at R > R in , and if in addition R < R sub , the dust sublimates once it gets exposed to the ionising radiation, the gas becomes an efficient line emitter, and the observed BLR emission is produced. In contrast, dusty wind launched at R > R sub remains dusty, an inefficient line emitter, which radiates mostly in the IR (Stern et al. 2014) . At R in < R < R sub , once the dust sublimates, the dust driving by radiation pressure stops, and the outflow may fall back to the disc, forming a failed wind (CH11).
The same mechanism of dust sublimation therefore sets both the inner and outer radii of the BLR. Dust is required in the disc atmosphere to feed gas into the BLR, and its sublimation there forms the innermost BLR radius. Once the dusty gas is exposed to the ionising radiation, the dust needs to sublimate, to allow efficient line emission, and the largest radius where this sublimation occurs sets the outer radius of the BLR.
The purpose of this paper is to explore whether the radiation pressure driving, provided by the local disc emission, is large enough to produce the required CF ∼ 0.3. This value is suggested by the typical equivalent width (EW) of the BLR emission lines Maiolino et al. 2001; Ruff et al. 2012; Baskin et al. 2014a , section 3.2.1 there). The vertical extent of the dusty atmosphere depends on the dust opacity, which is set by the local grain properties (grain size distribution and composition), and the peak wavelength of the local disc emission. Both properties change with radius. The advantage of the proposed mechanism is that it can be calculated from first principles. Our purpose here is to explore the derived value of the CF, given the AD parameters, the gas metallicity, and the grain properties set by the local ambient conditions.
As we show below, the dust opacity leads to an inflated disc structure, which forms a torus-like BLR. The illuminated face of the inflated structure forms the BLR, and the back side forms a dusty torus. The structure and emission properties of an obscuring dusty torus received much attention (see a thorough review in the introduction of Chan & Krolik 2016) . These torus models are all of an externally illuminated structure, in contrast with the structure discussed here, which is vertically supported by the underlying local AD emission. The torus structure, derived here, resides at about the dust sublimation radius, and produces very hot dust emission at λ ≃ 2 − 3 µm. This is in contrast with the typical torus models, which are placed at a larger range of radii, selected to produce the bulk of the IR emission at 3 -30 µm. The IR observations suggest two distinct continuum emission components in the IR. One producing a 3 µm bump, which corresponds to dust close, or at, the sublimation temperature, and another component which peaks at λ > 10 µm (e.g., Wills 1987; Mor & Trakhtenbrot 2011; Hernán-Caballero et al. 2016; Symeonidis et al. 2016 ). These components were interpreted by Mor & Netzer (2012) as the hot pure-graphite dust which is just outside the BLR, and the clumpy torus and narrow line region (NLR) dust, which reside on larger scales and produce the mid-IR emission. Our study here of the dust inflated AD is relevant only for the hot, blackbody like, pure-graphite dust component suggested by Mor & Netzer (2012) .
We note in passing that a similar inner rim of sublimating dust, is predicted and possibly observed, in nearby circumstellar and protoplanetary discs (e.g., Dullemond, Dominik & Natta 2001; Natta et al. 2001; Isella & Natta 2005) .
The paper is organised as follows. In Section 2 we provide analytic estimates of the size and CF of a BLR produced by a dust inflated disc structure, in Section 3 we calculate the effects of sublimation on the dust properties, and in Section 4 we calculate the implied CF. The results of the calculations and their implications are discussed in Section 5, and the conclusions are summarised in Section 6.
SOME ANALYTIC ESTIMATES

The inner and outer radius of the BLR
Below we compare the ratio of the inner BLR radius R in , set by dust sublimation in the disc atmosphere, to the outer BLR radius, R out , set by the sublimation of the largest dust grains exposed to the luminosity of the central source.
The effective temperature T eff at the disc surface at a radius R satisfies
where M is the BH mass, and M is the accretion rate. This gives in convenient units
and
where M 8 is the BH mass in units of 10 8 M ⊙ , M 1 is the accretion rate in units of M ⊙ yr −1 (6.3 × 10 25 gr s −1 ), R pc is the radius in pc, and T 2000 = T eff /2000 K. The value of M M can be measured directly from the observed luminosity density, through the relation
where L opt,45 is λL λ at 4861Å in units of 10 45 erg s −1 (e.g., ). As we show below, dust can survive down to a radius where T ≃ 2000 K. Therefore, the innermost disc radius which can have a dusty atmosphere,
, is given by
pc.
This radius is a function of L only, and scales as L 1/2 , just (Richards et al. 2006 ), we get a fixed ratio
The sublimation radius of dust above the AD, R out , is estimated assuming the dust is exposed to the integrated disc emission, L bol , and that the emission is isotropic. We also assume the dust absorption and emission efficiencies are unity; and that the dust grains are spherical, illuminated from one side, isothermal, and radiate isotropically. The dust temperature is then of a blackbody, T BB , which satisfies
The effects of a non isotropic L bol , and of the grain size dependence of the absorption and emission efficiencies are discussed in Section 3, where we show that the blackbody approximation is valid for large enough grains. The above expression yields
and for T eff = 2000 K, we get the following ratio,
We note that the commonly used value for the dust sublimation radius is R ≃ 1.3L
1/2 46
pc (Barvainis 1987) , which is almost a factor of 10 larger than R out . This results from the combined effect of using small graphite grains (0.05 µm), which are significantly hotter than a blackbody; and from the use of a lower sublimation temperature of 1500 K, which is relevant for densities much lower than the BLR gas densities (see Section 3).
The above derivation implies that R out /R in ∼ 10, irrespective of the system parameters. However, the relation
, is valid only on average (Richards et al. 2006 ). This relation is also not generally valid for simple thin AD model spectral energy distributions (SEDs) , which predict ratios in the range of ∼ 1 − 100.
It is therefore useful to estimate R out /R in independently of the relation between L bol and L opt . Equating the sublimating illumination flux (eq. 11), to the sublimating local disc flux (eq. 5), and further using the relation
where ǫ is the accretion radiative efficiency, gives
If the value of M on both sides is the same (see discussion below), we get,
Using typical values M 8 = M 1 = 1, ǫ ≃ 0.1, the expression for R in (eq. 7), and
gives R out /R in = 7.46, comparable to the ratio of 1.6/0.18 = 8.9 derived above.
The above expression for R out /R in does not assume a specific L bol /L opt , and implies that if R in < 6ǫ −1 R g , then R out < R in , which essentially implies the BLR will not be able to form. Specifically, the innermost disc radius where a dusty wind can be launched, is larger than the dust sublimation radius outside the disc. The dusty wind will remain dusty, even at the smallest radius where it is launched. The gas will not become an efficient line emitter, and the BLR will not form. It also implies that in low ǫ systems, and in systems where R in /R g is small (i.e. relatively cold AD), the BLR is expected to span a smaller range of radii. Both prediction are further discussed below (Section 5).
The expected CF of the BLR
Below we estimate the expected maximal height that static dusty disc atmosphere can reach, when it is supported vertically by the local AD radiation pressure.
A radiative flux F, exerts a pressure F/c, and provides an acceleration
on material with opacity κ. The radiative force is countered by the vertical component of gravity, which provides an acceleration of
where z is the height above the disc plane. Below we make the approximation that z/R ≪ 1, which gives a BH (z) ≃ GM z/R 3 . A static solution, i.e. a rad = a BH , yields a height
The local AD flux is
which implies
The disc height is set by M and κ only, with no direct dependence on R and M. This solution is the same as the Shakura & Sunyaev (1973) inner disc solution, where radiation pressure and electron scattering dominate. However, in contrast with the electron scattering opacity of ionised gas, κ = 0.4 cm 2 gr −1 , which is a constant, here κ is the dust opacity, which rises with frequency. This leads to a rising H with decreasing R, as the disc gets hotter, and the peak emission frequency rises. The hottest dust is expected to reach T ∼ 2000 K before sublimation, and the corresponding Planck mean opacity for blackbody emission at this temperature is κ ∼ 50 cm 2 gr −1 (see below). The largest H is therefore
where κ = 50κ 50 cm 2 gr −1 . Using the value of R in (eq. 9), gives
Adopting
which applies if M in the BLR and at the centre are the same, we get
So, for a typical quasar with L 46 = 1, and a plausible ǫ ≃ 0.1, we get H/R ≃ 0.4, comparable to the value required to get CF ∼ 0.3. The above estimate of H/R ignores some critical effects. The illumination, and consequent sublimation, of the dust by the central continuum source, which reduces H significantly. The bulk of the BLR gas is located at 5.5R in (eq. 10), rather than at R in , which reduces H/R. In addition, the accretion disc at R BLR is colder than at R in , leading to a lower κ, and thus a lower H. These effects lead to a significantly lower CF.
However, other effects increase the CF. First, the above estimate for κ is for Solar metallicity gas (Z = Z ⊙ ). Various line ratios from the BLR indicate Z/Z ⊙ ∼ 2−10 (Hamann & Ferland 1999; Dietrich et al. 2003; Simon & Hamann 2010) . Second, as pointed out by CH11, the underlying disc radiation pressure may lead to a dynamic failed wind solution, rather than a static solution. A failed dusty wind reaches a height where its vertical velocity is zero, which is higher than the static solution height, where the acceleration is zero. Third, the incident central source continuum can ablate the surface layer of the disc and also produce a sheared layer wind (Pier & Voit 1995; Namekata, Umemura & Hasegawa 2014) . Fourth, further vertical support may be provided by the radiative transfer of the incident ionising continuum, converted to thermal IR emission, which also diffuses upwards through the torus, increasing the vertical component of the IR radiation pressure. This is the mechanism which is generally invoked to provide the vertical support of a dusty torus, which resides at R > R BLR (e.g., Pier & Krolik 1992; Hönig et al. 2006; Krolik 2007; Dorodnitsyn, Bisnovatyi-Kogan & Kallman 2011; Wada 2012; Dorodnitsyn & Kallman 2012; Schartmann et al. 2014; Chan & Krolik 2016) .
A dynamic solution for the BLR line emitting gas is indicated from a different argument. In the static torus case, the BLR velocity field is purely circular. Such a velocity field produces double peaked emission line profiles. Such profiles are seen only when the BLR emission line profiles are extremely broad (FWHM > 10, 000 km s −1 , e.g., Eracleous & Halpern 2003) . In most objects the line profiles are singly peaked, indicating a significant non-Keplerian contribution to the velocity field, which smoothes the emission line profile (e.g., Flohic, Eracleous & Bogdanović 2012; Landt et al. 2014; Pancoast et al. 2014) . A vertical velocity component is expected from the failed wind of a dynamic BLR scenario. A failed wind may be produced for the following reason, as suggested by CH11. The dusty gas is being pushed upwards by the large force multiplier provided by the dust, a process which is most significant at R in . The push upwards is maintained as long as the dust survives. At a certain height the dust becomes exposed to the illumination by the central source. This inevitably leads to sublimation since R in /R sub ≃ 0.1. The gas then looses the vertical driving force, but the wind continues ballistically to a certain height, and falls back to the disc (unless it reaches the local escape speed and becomes unbound, as discussed in Section 5). Once the dust sublimates, the line emission efficiency is expected to jump, and the BLR emission is produced.
The above simple analytic estimates assume the central source emits isotropically. The expected angular dependence of the observed luminosity, L obs , for a Newtonian geometrically flat disc, is L obs (µ) = 2L bol µ, where µ = cos θ, and θ is the observer angle from the disc zenith. A stronger beaming may be produced if the inner disc is geometrically thick, and the outer AD will then be shielded. The reverse effect of more isotropic emission is produce by the relativistic Doppler beaming, which enhances the emission towards the disc plain (Laor & Netzer 1989) . However, it is not clear that the thin disc solution applies for the innermost disc (Laor & Davis 2014) . A shielded region allows a larger vertical extent where the dusty gas is accelerated upwards, giving it a higher velocity, as it enters the unshielded region, looses the dust opacity, and gets photoionized.
THE DUST PROPERTIES AND OPACITY
In order to calculate the inflated disc structure, we first evaluate the expected dust properties, i.e. grain size distribution and composition. These properties are used to calculate the dust κ(λ), which is the key factor for the calculation of the expected CF. We note that the commonly used calculations of low temperature opacities (Semenov et al. 2003; Ferguson et al. 2005) , include silicates but do not include graphite grains. As we show below, the graphites are the dominant opacity source for gas at T ∼ 2000 K, and their neglect leads to an underestimate in the values of the Planck mean κ by a factor of ∼ 40 − 50.
For the sake of simplicity, we start with the normal Galactic ISM dust, described by the MRN dust model of graphite and silicate grains, with a power-law size distribution, dn/da ∝ a −3.5 , over the range of grain radii 0.005 < a < 0.25 µm (Mathis, Rumpl & Nordsieck 1977) . This distribution is modified close to the centre due to sublimation. The sublimation temperature, T sub of a grain is set by the grain composition and the ambient gas density, while the temperature of the grain, T grain , is set by the incident flux and its size and composition. Below we derive T sub of silicate and graphite grains for the BLR gas density. We then calculate the grain temperature as a function of grain size, T grain (a), for graphites and silicates. Since T grain (a) increases with decreasing a, while T sub is essentially independent of a, the smallest grains sublimate first as one gets closer to the centre. We explore the effect of the implied modified grain size distribution and composition on the value of κ(λ), both in the UV, relevant for the gas line emission efficiency, and in the IR, relevant for the gas vertical support in the disc atmosphere.
As we show below, since only the largest graphite grains survive close to the BLR, the assumed initial grains size distribution and composition is irrelevant for κ at the BLR. The UV opacity is strongly suppressed, while the near IR opacity is slightly enhanced. The major significant free parameter which controls κ is the gas metallicity, Z/Z ⊙ .
T sub
The value of T sub is set by the saturation vapour pressure of graphite and silicate. When the gas pressure equals the saturation pressure, the rate of evaporation of atoms from the grain surface equals the rate of condensation of gas atoms back on the grain. This condition implies n x kT = 6 × 10 11 T 0.5
where k is the Boltzmann constant, n x is the number density of either C for graphite, or Si for silicate, T is the gas temperature, and T 0 = 81, 200 K for graphite, and 68, 100 K for silicate (Guhathakurta & Draine 1989 ). The value of T 0 depends on a for very small grains (a < 0.005 µm), due to the larger reduction of the binding energy of the surface atoms (Guhathakurta & Draine 1989) . However, this correction is not relevant here, as such small grains do not survive at our region of interest. We therefore assume below that T sub is independent of a. The density n x can be converted to the total gas density n (approximated by the total H density) using the fractional abundance f x ≡ n x /n, where f x = 10 −3.44 and 10 −4.45 for C and Si, at Z = Z ⊙ . Eq. 27 can be solved by iterations for the value of T sub as a function of n. A convenient form for iteration is obtained by rewriting eq. 27 in the form
or equivalently
Substituting the values for graphite and silicate, and assuming T = 10 4 K, which generally corresponds to the typical T of photoionized gas near the H ionization front (e.g. Ferland 1999; Baskin et al. 2014a for the BLR), we get the following relations. For graphite
and for silicate
where we look for the solution for X for a given n. An approximate simple analytic solution for T sub as a function of n is
for graphite, and
for silicate. These expressions are accurate to better than 0.5 per cent for 1 < n < 10 12 cm −3 . Figure 1 presents a direct solution of eq. 27 for T sub , as a function of n, for graphite and silicate grains. Note the logarithmic scale for n, and linear scale for T sub , due to the roughly logarithmic dependence of T sub on n. Increasing n from 1 to 10 14 cm −3 increases T sub only by a factor of two (1200 K to 2400 K for graphite). Graphite has T sub that is larger by ∼ 300-500 K compared to silicate, as the C atoms in graphite are more tightly bound (higher T 0 ) than the Si . The grain sublimation temperature as a function of gas density for graphite and silicate grains (for T = 10 4 K). The sublimation temperature of graphite is larger by ∼ 300 − 500 K compared to that of silicate, as the graphite C atoms are more tightly bound than the Si atoms in silicates. Thus, graphite grains sublimate at a smaller distance from the AGN continuum source. At the BLR, n ∼ 10 11 cm −3 , which implies T sub ≃ 2000 K, rather than 1500 K, as commonly assumed in earlier studies.
atoms in silicate. Thus, graphite grains can generally survive closer to the centre. As shown below, they can survive down to the BLR, in contrast to silicate grains, which all sublimate well outside the BLR. The typical density of the BLR is n ∼ 10 11 cm −3 , and we therefore adopt the corresponding T sub = 2000 K (Fig. 1) as the dust sublimation temperature. This temperature is significantly higher than T sub ≃ 1500 K assumed in earlier studies (e.g., Barvainis 1987; Schartmann et al. 2005; Nenkova et al. 2008) , which applies for n ∼ 10 5 cm −3 gas. Thus, T sub ≃ 1500 K is more relevant for molecular clouds in the ISM, or NLR gas in AGN. One should note that eq. 27 above assumes neutral gas (Guhathakurta & Draine 1989) . This likely provides a good approximation for the gas at the relevant parts of the disc atmosphere, where the temperature is below 2000 K, so dust can survive. In contrast, the BLR gas is photoionized, and both the gas ions and the grains are likely positively charged. This may reduce the condensation rate of ions on the grain surface, and thus lower T sub , if the grains are sufficiently positively charged to repel most ions (i.e. eV ≫ kT, where V is the grain potential).
The dust sublimation timescale
In Section 3.1 we derived T sub above which dust cannot survive, but how fast is the sublimation process? Can the dust shield itself effectively from sublimation? The optical depth of dust to absorption and scattering is τ ∼ Σ/10 22 cm −2 in the visible, and τ ∼ Σ/10 21 cm −2 in the UV, where Σ is the H column density (e.g. Laor & Draine 1993) . Since the bulk of the heating in AGN is by optical-UV continuum, and Σ ≥ 10 24 cm −2 gas is likely present along some lines of sight (a Compton thick absorber), then a dusty cloud will be selfshielded by τ ∼ 10 2 − 10 3 . Can such dust survive down to small radii, where otherwise T grain ≫ T sub without shielding?
The answer is generally negative. Self-shielding is maintained only on the sublimation time scale, t sub of the grains at the cloud surface, which are directly exposed to the AGN illumination. As we show below, t sub is generally very short compared to other relevant time-scales at R BLR . As a result, grains cannot effectively exist in regions where T grain ≫ T sub , regardless of the value of τ.
The sublimation time-scale is evaluated as follows. In a steady-state, the gas pressure equals the saturation pressure, i.e. the evaporation rate, say of the C atoms for graphite grains, equals their condensation rate, given by
where n C,sat is the density of C atoms in gas at the saturation pressure, and v C = 8kT/πm C is the C atoms average thermal velocity, where m C is the mass of a C atom. A grain sublimates when the evaporation rate ≫ condensation rate. Thus, a grain composed of N C atoms will sublimate completely over a time-scale of
where ρ grain = 2.26 g cm −3 is the density of graphite. In a convenient form,
where a = 0.1a 0.1 µm, n = 10 10 n 10 cm −3 , and we adopt T = 10 4 K and n C,sat = 10 −3.44 n. Figure 2 presents t sub as a function of T sub for graphite grains of different a values. To derive this relation we first use eq. 27 to derive n that corresponds to the assumed T sub , and then use eq. 36 to derive t sub that corresponds to that n. The value of t sub increases linearly with a (eq. 36) and decreases roughly exponentially with T sub (eq. 27). For the adopted value of T sub = 2000 K, the smallest grains (a = 0.005 µm) are destroyed effectively instantaneously (15 min), while typical large grains (a = 0.1 µm) are destroyed in a few hours. Even the largest grains assumed here (a = 1 µm) sublimate in t sub ≃ 3 days, which is still shorter than the light crossing time for the BLR in most AGN. Thus, the hottest dust in AGN generally cannot shield itself from sublimation, as grains at the cloud surface sublimate effectively instantaneously when T grain > T sub .
The reverse process, of condensation back on the surface of grains at T < T sub , also occurs on the t sub timescale. It is therefore likely that when part of the grains sublimate, the sublimated material will condense back on the cooler T < T sub grains, and the total mass in the grains will not change significantly.
T grain
The value of T grain for a grain at a given distance from an illuminating UV source, depends on the grain size and composition (e.g. Laor & Draine 1993) . This occurs since the wavelengths of the incident radiation generally satisfies λ in < 2πa, which ensures an absorption efficiency close to unity for all grains. In contrast, the grain emission generally peaks at λ em > 2πa, leading to an emission efficiency which typically is well below unity, and scales like a negative power of a (Draine 2011). Large enough grains can achieve λ em ≤ 2πa, when they are hot enough, which leads to an emission efficiency which is also close to unity. In such a case, the grain will be at the local blackbody temperature, T grain = T BB . In smaller grains, the emission efficiency is smaller than unity, and as a result T grain > T BB . The value of T grain is derived by equating the grain cooling rate C to the grain heating rate H. The grain cools through thermal emission, which implies
where B λ is the Planck function, and Q abs is the absorption coefficient 3 . The grain heats due to absorption of the continuum source radiation, which we approximate by a point source. This yields
where L λ is the isotropic continuum luminosity density (here, we neglect heating by the local AD radiation, which is generally negligible). We adopt the SED L λ from Baskin et al. (2014a) , a standard AGN SED which peaks close to the Lyman edge, with an intermediate ionizing slope value of α ion = −1.6. We also assume that the continuum source is a flat Newtonian AD, with the simple 2µ angular dependence for the local flux. We solve numerically by iterating over the value of T grain until the equality C = H is satisfied. pc and an inclination angle of µ = 0.1. The small silicate grains are hotter than graphite grains, at a given a, by ∼ 1000 K, because of their lower emission efficiency in the near IR. Note that for graphites, T grain < T sub ≃ 2000 K is achieved in the BLR only for grains with a > ∼ 0.1 µm. For silicates, T grain > T sub ≃ 1600 K for all grains, and thus none of the silicate grains survive at R BLR . Figure 3 presents the dependence of T grain on a for graphite and silicate grains at a given distance. We assume a continuum source with L bol = 10 45 erg s −1 , and grains located at a distance R = R BLR = 0.1L 1/2 bol,46 pc (Kaspi et al. 2007 , and the relation L bol = 3L 1350 ). We also assume µ = 0.1, a plausible value for the BLR (see below). As expected, the graphite grain temperature decreases with increasing a, up to a ≈ 0.5 µm, above which T grain ≃ 1650 K, which is independent of a. This occurs since the peak emission wavelength satisfies λ em < 2πa, the emission efficiency reaches unity, leading to T grain = T BB for a > 0.5 µm. As noted above, at the BLR, n ≃ 10 11 cm −3 , which gives T sub = 2000 K. Thus, as Fig. 3 shows, only relatively large grains with a > ∼ 0.1 µm, have T grain < T sub = 2000 K and avoid sublimation at the BLR. In addition, the small silicate grains are hotter than the small graphite grains, at a given a, by about 1000 K. This occurs because of the significantly lower radiative efficiency of hot silicates grains (being nearly transparent in the near IR) compared to hot graphite grains (being nearly black), in contrast with their similar and high absorption opacity to the incident UV (Draine & Lee 1984; Laor & Draine 1993 ). In addition, in silicates T sub ≃ 1600 K at n ∼ 10 11 cm −3 ( Fig. 1) . As a result, even the largest silicate grains assumed here (a ∼ 1 µm) do not reach T grain < T sub . We therefore do not expect any silicates at R BLR .
To summarise, silicates do not exist at the BLR because of the combination of two effects. First, their binding energy is lower, their evaporation rate is therefore higher, leading to a lower T sub at a given ambient pressure. Second, they are significantly more transparent in the near IR, their emission efficiency is therefore lower, leading to a higher equilibrium temperature at a given distance. Thus, large (a > ∼ 0.1 µm) graphite grains will be the only constituent of a UV dustdriven outflow at r ∼ R BLR . Figure 4 provides a general relation between the temperature of a graphite grain of a given size, and the flux incident on it, i.e. 2µL bol /4πR 2 , as measured by T eff . The largest grain (a = 1 µm) generally follows T grain = T BB , where T BB = 4 −1/4 T eff (eq. 11). At the lowest T eff , one gets T grain > T BB . This results from the drop in the emission efficiency, due to the lower T grain , which leads to λ em > 2πa. For a a = 0.1 µm grain, the emission efficiency is always well below unity, leading to T grain /T BB ≃ 1.5 − 2 at all T eff probed here. For a a = 0.01 µm grain, T grain /T BB ≃ 3 at all distances. The horizontal dotted lines in Fig. 4 mark T sub for various values of n. Thus, for n = 10 10 cm −3 , the a = 1 µm grains sublimate only at T eff = 2670 K (which gives T grain =1890 K), while the a = 0.01 µm grains sublimate already at T eff = 1070 K (which also gives T grain =1890 K). In low density n = 1 cm −3 gas, the destructions of the 1 and 0.01 µm grains occur at T eff = 1720 and 580 K, respectively. Since R ∝ T −2 eff , the a = 0.01 µm grains in low density gas are destroyed at a radius ∼ 20 times larger than the radius for the a = 1 µm grains at n = 10 10 cm −3 . The graphite grain size distribution is modified by sublimation as far out as ∼ 20R BLR . As noted above, the silicate grain size distribution will be modified by sublimation at even larger distances.
The radiative flux at a given distance satisfies
, then F(R BLR ) has a universal value at R BLR . One can therefore use R/R BLR as a measure of the local flux, or equivalently a measure of T eff (for a given µ). Figure 5 presents the sublimation radius R sub in units of R BLR , as a function of a for a range of n values (for µ=0.1). One can see that in n = 10 10 cm −3 gas at R BLR , only a > 0.2 µm grains survive (i.e. their R sub /R BLR < 1). . The sublimation radius, measured in units of R BLR , versus a, for graphite grains at different gas densities (i.e. different T sub ), for µ = 0.1. Grains with a > 0.2 µm can survive in dense gas (n ≥ 10 10 cm −3 ) at the BLR. All grains survive, essentially irrespective of n, once R > 20R BLR . Since R/R BLR sets the value of T eff , the above solution applies in all AGN, independent of L bol .
In contrast, gas with n < 10 5 cm −3 can retain all its grains only at R > 10R BLR . However, such a low density gas at say 10R BLR will have a ionization parameter U ∼ 1000, which gives T > 10 5 K, and leads to thermal sputtering of the grains.
κ
The dust pressure opacity κ is a function of λ, and its functional form is set by the dust model, i.e. the grain composition, size distribution, and the dust to gas mass ratio f d . The flux weighted mean value of the opacity is given by the expression
where F λ is the incident flux density, F bol = ∫ F λ dλ is the integrated flux, and α λ is given by
where
is the radiation pressure coefficient representing the fraction of the incident radiation pressure flux transferred to the grain,
is the mean µ of the scattered light (= 0 for isotropic scattering), and i is the grain composition, either graphite or silicate. The number density of grains with radii in the interval [a, a + da] is parametrised as a power-law
where A i and β are free parameters, and a min and a max are the minimum and the maximum grain radii. Finally, f d is the grain mass per H mass, given by The silicates dominate the opacity at T BB ∼ 300 K, while at T BB > 1000 K graphites dominate the opacity. As a result, the sublimation of the silicate grains has no significant effect on the hottest dust opacity.
where ρ i = 2.26 and 3.3 gr cm −3 for graphite and silicate, respectively. The 'standard' model of dust is adopted to be the MRN dust, which assumes a min = 0.005 µm, a max = 0.25 µm and β = −3.5. 
in all models explored below. Figure 6 presents the Planck mean opacity of a MRN dust, κ MRN , as a function of T BB , and the contribution of graphites and silicates. The opacity is evaluated using the values of Q pr (a, λ) from Draine & Lee (1984) , Laor & Draine (1993) and Weingartner & Draine (2001) . The value of κ MRN increases with T BB as the blackbody peak emission shifts to shorter λ, where the dust opacity is higher. Interestingly, the relative contribution of silicates and graphites changes drastically with T BB . At T BB ∼ 300 K the silicates heavily dominate the opacity. This occurs because of the strong silicate opacity features at 9.7 µm and 18 µm, which match the peak emission at λ ∼ 10 µm for T BB ∼ 300 K, while the graphite opacity falls steeply with λ in this wavelength range. In contrast, at T BB ∼ T sub = 2000 K, the graphites dominate the opacity, as silicates become transparent at λ < 3 µm, while graphites remain black (see figs 2 and 3 in Laor & Draine 1993) . The relation between κ and T BB is explored further in Appendix A.
Thus, we have the 'fortunate' coincidence that graphite not only has a higher T sub and a lower T grain at a given R, which allows the graphite to survive much closer to the centre than silicate, it also dominates the dust opacity. So, the fact that the dust looses all the silicates close to the centre, has almost no effect on the dust opacity.
At the temperature range, 500 < T BB < 2500 K, which is relevant for the calculations below, κ MRN of graphite only is well fit by the expression
If the grain size distribution extends to larger grains, with a max = 1 µm, the grain mean opacity is somewhat larger, but shows a more gradual increase with temperature. Specifically,
These expressions are useful for the analytic estimates of H(R), as further discussed below. The Planck mean κ MRN derived here is consistent with the Planck mean dust opacity presented by Draine (2011, fig. 23 .12 there), for the updated models of the ISM dust. However, the Draine (2011) and our results for T > 500 K are significantly different from the Planck mean opacity results of Semenov et al. (2003) and Ferguson et al. (2005) , and earlier references cited in these papers. At T = 2000 K we get κ ∼ 50 cm 2 gr −1 , in contrast with κ ∼ 1 cm 2 gr −1 in the above calculations. This results from the inclusion of only silicate grains in the earlier calculations. Indeed, our results including only the silicate grain opacity, are consistent with the earlier calculations, which yield a Planck mean opacity of κ ∼ 3 − 6 cm 2 gr −1 at T ∼ 200 − 600 K. The lack of inclusion of graphite grains in the earlier calculations, leads to a significant underestimate of κ at T > 600 K, which can reach a factor of ∼ 50 in dense gas where graphites can survive at T ∼ 2000 K. Such conditions are likely relevant for AD in various systems, so graphites should not be ignored, unless they are not expected to exist (e.g. Anderson et al. 2017) .
The MRN dust model assumes a power-law size distribution, with a minimal grain size a min = 0.005 µm. As shown above, with decreasing R the smallest grains sublimate (Fig. 5) , and as a result the value of a min increases. How does this affect the dust UV opacity? As was discussed by Netzer & Laor (1993) , in photoionized dusty gas the dust UV opacity strongly suppresses the ionising continuum and the resulting line emission of the gas. The drop in the dust UV opacity with decreasing R, as shown below, reduces the ability of the dust to suppress the line emission of photoionized dusty gas. Figure 7 presents the dependence of the dust UV opacity, at λ = 800Å, on the value of a min , for a max = 0.25 µm (MRN dust), and for a max = 1 µm. The larger a max may be more relevant to the dense BLR clouds, where grains may be able to grow further. In the later case, κ is smaller at a given a min value, as most of the dust mass (for the MRN grain size distribution) resides in the largest grains, which have a lower cross section per unit mass. The sublimated grain material may either condense back on the larger grains, so the fraction of mass in the grains remains constant (denoted by f d = const in Fig. 7 ), or it may remain in the gas phase ( f d const). In both cases, κ drops steeply with increasing a min , as most of the UV absorption opacity is contributed by the smallest grains, which have the highest cross section per unit mass. The value of κ drops by a factor of ∼ 8 for a max = 0.25 µm, and by a factor of ∼ 17 for a max = 1 µm, when only the largest grains remain (for f d = const, and obviously a larger drop for f d const).
In photoionized dusty gas, with MRN dust, the dust opacity dominates the gas opacity for the ionising UV, and a max = 0.25
10 100 1000 Figure 7 . The dust absorption opacity at λ = 800Å as a function of a min . Two cases are assumed: (i) the small grains that sublime condense on the larger grains, thus keeping f d = 0.01 constant (solid line); (ii) the mass of sublimed grains is lost, thus lowering f d (dashed line). The value of κ has a strong dependence on a min , and drops by about a order of magnitude when only the largest grains remain, in particular for the a max = 1 µm case.
the overall line emission of the gas is suppressed by about an order of magnitude (e.g. Stern et al. 2014) . The order of magnitude drop in κ, when only the largest grains remain, means that the dust suppression of the ionising UV radiation will no longer be dominant, in particular when a max = 1 µm, and the gas becomes an efficient line emitter. But, what happens to κ in the near IR, when only large grains are left? Is the ability of the dust to lift the gas from the disc is also eliminated? Figure 8 explores the effects of different values for a min , a max , β, and Z, on the Planck mean κ for T BB = 2000 K. The value of κ is normalized by κ MRN , calculated for MRN dust with graphite grains only. The left panel in Fig. 8 shows the dependence of κ/κ MRN on the metallicity Z. Since we assume a linear dependence of f d on Z (eq. 43), there is a simple linear relation κ/κ MRN = Z/Z ⊙ . The other three panels show the effect of a modified grain size distribution, where in all cases we assume a fixed f d . The second panel shows the effect of increasing a min , for a max = 0.25 µm or 1 µm. In contrast with the UV opacity (Fig. 7) , here κ increases as a min increases, by up to a factor of ∼ 2. A similar effect is seen when a max decreases (third panel). Only when all grains are smaller than 0.1 µm there is a decrease in κ, by a factor of ∼ 2.5. The increase in β (last panel), which corresponds to an increase in the fraction of large grains, also leads to an increase in κ, again by a factor of ∼ 2. Therefore, the Planck mean κ for T BB = 2000 K, is nearly independent of the grain size distribution, and is mostly set by the gas metallicity.
The weak dependence of κ on the grain size distribution occurs for the following reason. For most grains, the absorption efficiency in the near IR is Q ≃ 2πa/λ (e.g. fig. 2 in Laor & Draine 1993) . Therefore, the absorption cross section σ = πa 2 Q ∝ a 3 , i.e. as the grain volume. The total absorption of a distribution of grains is then proportional to the total volume, i.e. to the total grain mass, regardless of how it is distributed. In the UV, Q ∼ 1, thus σ ∝ a 2 , the integrated cross section over the grain size distribution scales with the integrated surface area, and thus κ scales as the area/mass, which is dominated by the smallest grains.
At R ∼ R BLR , we therefore have the fortuitous situation that since only the largest graphite grains survive, the UV opacity is reduced significantly and the gas becomes an efficient line emitter, yet the IR opacity is not reduced (or even somewhat enhanced, for a fixed f d ). Thus, the dust can provide significant vertical support for the dusty disc atmosphere, and potentially allow it to subtend a large enough solid angle, and absorb enough of the ionising radiation, to produce the observed BLR emission.
SOLUTIONS FOR THE BLR TORUS HEIGHT
Below we describe two analytic solutions for the vertical structure of the BLR dusty torus, a static and a dynamic solution. We then provide a numeric solution for the dynamic case.
The static solution
The BH gravity and the local disc emission
As in Section 2.2 we estimate the thickness of the disc, H, by equating the local radiation pressure to the local gravity. We begin again by evaluating an analytic approximation to H by assuming H ≪ R (see also eq. 23); and then we alleviate the assumption and derive an exact solution of H. Assuming the disc emits locally as a blackbody, the radiation pressure is given by the Planck mean opacity of κ. Since the disc surface effective temperature follows T eff ∝ R −3/4 , while κ ∝ T 1.16 (for a max = 1 µm, eq. 45), and H ∝ κ, we get H ∝ R −0.87 (or H ∝ R −1.46 for a max = 0.25 µm). This implies a rather steep rise of the CF∝ R −1.87 inwards. More quantitatively, using eq. 6 for T eff (R), and eq. 45 for κ(T eff ), with a linear dependence on Z, we get
which yields using eq. 22 
The disc atmosphere is assumed to be dusty down to R in (where T eff = 2000 K, eq. 9), indicated by the five short vertical dotted lines for the five values of M 1 . At R < R in the disc atmosphere is dustless, and the solution for H returns to the thin, gas pressure supported, vertical structure (Shakura & Sunyaev 1973) . For the dust opacity we use an MRN dust, composed of only graphite grains, with a max = 1 µm, and metallicity Z/Z ⊙ = 5, which produces κ 50 = 5.3 at R in . The static solution for H(R) in Fig. 9 uses the exact expression (eq. 19), rather than the analytic approximation for The solid curve is the static solution height, H(R), set by the condition that a rad = a BH . The dust is assumed to have Z/Z ⊙ = 5, and a max = 1 µm. The solution becomes unbound, i.e. a rad > a BH for all z, below a radius R depicted by a transition to a dashed vertical line, which occurs at H/R = 1/ √ 2. The disc R in (where T eff = 2000 K), is marked by the short vertical dotted line (increasing M 1 from left to right). Below this radius a rad = 0, and the inflated structure disappears. For M 1 < 0.25 the inflated structure extends down to R in . For M 1 ≥ 0.25, a wind inevitably forms. The solution assumes no illumination by the central optical-UV source.
a BH (R, z) = GM z/R 3 , which is valid for H/R ≪ 1. The exact expression implies that a BH reaches a maximum, a BH,max , at H = R/ √ 2. A large enough value of M 1 leads to a rad > a BH,max at some radius in the dusty region (R > R in ), below which a static solution is no longer possible. This situation occurs for the three higher M 1 models, as indicated by the dashed vertical lines in Fig. 9 , where the solution for H(R) diverges. The two lowest M 1 models of 0.05 and 0.1, do not reach a rad > a BH,max in the dusty region, the disc height remains finite, and the inflated disc extends inwards down to R in . The condition a rad > a BH,max may imply a wind, as further discussed below.
The effect of the central optical-UV illumination on the solution for H(R)
The discussion above of H(R) includes only the vertical support of the local IR disc emission. However, once the dusty gas is lifted upwards, it gets exposed to the optical-UV radiation from the inner accretion disc. This radiation may sublimate the grains, and thus eliminate the opacity which supports the inflated disc structure. This radiation may also affect the grain dynamics, as discussed briefly below. The grains are illuminated by the standard AGN SED (Baskin et al. 2014a) , with an intermediate far UV to soft X-rays slope of α ion = −1.6. The required flux (= σT 4 eff ) to reach T grain = 2000 K for a grain of size a, F sub,a , is presented in Fig. 4 . A grain at a given R will therefore sublimate once it is elevated to z > z sub (R, a), where z sub (R) is derived from the relation
where µ = z sub / R 2 + z 2 sub . This expression assumes a flat disc cos θ illumination, i.e. an observed luminosity L obs = 2µL bol , as expected from thin Newtonian disc emission. Relativistic effects will enhance the luminosity close to disc plain (e.g. Laor & Netzer 1989, fig. 8 there) . But, the innermost disc may become geometrically thick, which will suppress the luminosity close to the disc plain due to self-shielding. In addition, the innermost thin disc emission appears to be generally missing (e.g. Laor & Davis 2014) , and it is not entirely clear what is the geometry of the extreme UV continuum source. We therefore use below the cos θ dependence as a simple example to follow. We also present the results for an isotropic illumination.
The value of the sublimation T eff of the a = 1 µm graphite grains can be derived analytically, as T grain = T BB for such large grains (Fig. 4) . Using T eff = 4 1/4 T BB (one side illumination of a spherical grain), implies T eff = 2828 K. The sublimation values of T eff for the a = 0.1 µm and a = 0.01 µm are 2023 K and 1152 K, respectively (Fig. 4) .
A simple solution for z sub , based on eq. 49, valid for , and a max = 1 µm. The line marked AD is the surface for a dustless atmosphere supported by gas pressure only. The dashed lines designate the sublimation height z sub (R) of grains of a = 1, 0.1, and 0.01 µm, illuminated by the central continuum source. At R < 2 × 10 −2 pc, the disc surface is set by z sub (R) of the a = 1 µm grains. At z > z sub , all grains sublimate, and the H(R) solution is not valid. At R > 2 × 10 −2 pc, the disc surface is set by H(R).
The gas in the volume between the a = 1 µm and the a = 0.1 µm curves is an efficient line emitter, and naturally sets the position of the BLR emission.
where the three coefficients are for the a = 1, 0.1, and 0.01 µm grains, respectively. Figure 10 presents the solutions for z sub (R) for grains with a = 1, 0.1 and 0.01 µm, and also the H(R) solution with no illumination. The results are for the specific AD model with M 8 = 1, L 46 = 0.1 and ǫ = 0.1, which corresponds to M 1 = 0.176. The dust opacity used for the H(R) solution is of MRN dust composed of only graphite grains, with a max = 1 µm and metallicity Z/Z ⊙ = 5. For these AD parameters, dust can survive in the disc atmosphere down to R in,2000 = 0.009 pc (eq. 7, equals here 1800R g ), noted by the vertical dotted line in the plot.
No dust grains exists above z sub (R) for the a = 1 µm grains, as these grains are large enough to be as cold as a local blackbody. Larger grains will also have T grain = T BB , regardless of their size, and will therefore also be too hot to survive at z > z sub . As shown in Fig. 5 , T BB is already reached at a ≃ 0.3 µm, and therefore all a ≥ 0.3 µm grains sublimate above the z sub (R) solution for the a = 1 µm grains. 4 As shown above, the value of κ for dust in the near IR remains unaffected, or enhanced, as long as the largest grains survive. Therefore, the z sub (R) solution for the a = 1 µm grains (valid for a > 0.3 µm) represents the disc surface, above this height there is no dust to support the gas against the BH gravity, regardless of the grain size. This sublimation height solution for the disc surface, is valid up to a radius R max , where z sub (R max ) = H(R max ). At R > R max , the disc surface is set by the H(R) solution.
The dust therefore leads to an inflated disc structure, where the disc becomes thicker with decreasing R due to the increasing dust opacity with the rising surface temperature. This extends down to the radius where the illuminated dust sublimates. The resulting torus-like structure extends further inwards, getting thiner to avoid sublimation, until it reaches the innermost radius where the disc atmosphere becomes too hot to harbour dust.
The implied position and CF of the BLR
The inner surface, defined by z sub (R) of the 1 µm grains at R < R max , is directly illuminated by the central ionising continuum, and therefore serves as a natural place for the BLR gas. Since the gas just below the surface still harbours the largest grains, the dust near IR opacity is maintained, providing the vertical support, but the UV opacity is reduced by an order of magnitude (see Fig. 7 ), allowing efficient line emission.
Is the distance and CF of this inflated disc, torus-like, structure consistent with observations of the BLR? Below we derive R max , H(R max ), and the implied CF based on
To derive R max , we equate z sub (R) (eq. 50) with H(R) (eq. 47), which gives
Since the directly illuminated smaller grains sublimate further outside, the coefficients for the 0.1 and 0.01 µm grains are 0.062 and 0.11 pc, respectively. At R in < R < R max , the illuminated disc surface gas is free of dust. The illuminated dusty gas which resides just below the disc surface (denoted by a grey thick line in Fig. 10) , and above the z sub (R) curve for the a = 0.1 µm grains, can contain large grains, which have some effect on the line emission. In gas below the a = 0.1 µm sublimation curve, and above the a = 0.01 µm curve, line suppression becomes more significant, and below the a = 0.01 µm sublimation curve line emission is heavily suppressed.
Using the radiative efficiency ǫ and L bol , instead of M 1 (eq. 25) we get 
The coefficients for the 0.1 and 0.01 µm grains are 0.11 and 0.2 pc, respectively. Thus, efficient line emission of directly illuminated gas extends out to 0.11 pc, and effectively disappears beyond 0.2 pc (for L 46 = 1, M 8 = 1). Note that the predicted dependence on M BH is very weak. These results are consistent with the observed relation of R BLR = 0.1L 0.5 46 pc (eq. 2).
If the grain size distribution extends only to a max = 0.25 µm (which sublimates at T eff = 2728 K, rather than similar relations (see eqs. 51 and 52), with 
Given the similar solutions, we present below the results only for the a max = 1 µm case. The CF is set by H max /R max , which is
or, using ǫ and L 46 ,
which gives for ǫ = 0.1 and Z/Z ⊙ = 5,
How does this compare with observations? For an isotropic ionising continuum emission, and an inflated structure with a half opening angle θ 0 , the fraction of the ionising continuum intercepted by the surface is ∫ µ 0 0 dµ = µ 0 , where µ 0 = cos θ 0 . Since the fraction derived for the observed BLR line strength is ∼ 0.3, it implies θ 0 = 72.5 • , or H max /R max = 0.31. However, for the non-isotropic ionizing continuum assumed here, which is used for the derivation of H max /R max , the absorbed fraction is ∫ µ 0 0 2µdµ = µ 2 0 . This implies µ 0 = 0.55, a half opening angle of θ 0 = 57 • , or H max /R max = 0.65. Thus, for the plausible ǫ and Z values used above, the static disc solution (eq. 58) falls short by about a factor of 4.5 in making the disc thick enough for the estimated CF of the BLR. As we show below, a dynamic solution, and ablation of the disc surface, are expected to increase the CF significantly.
Isotropic illumination
What is the effect of the isotropy of L bol on the values of R max and CF of the illuminated inflated disc structure? Below we derive these parameters when L obs is isotropic.
In this case, R sub is given by the relation pc, which is a factor of ∼ 2 larger than R BLR . The disc thickness at R sub is obtained from the solution for H(R) (eq. 47), which gives
The adopted parameter values (ǫ = 0.1, Z/Z ⊙ = 5, L 46 = 1, M 8 = 1) give H/R = 0.042, which is a factor ∼ 7 smaller than the value of H/R = 0.3 required for the isotropic illumination. Thus, although dust can survive within the disc atmosphere down to R in , which is a factor of a few below R BLR (eq. 9), isotropic illumination of the disc by the central optical-UV source, sublimates this dust out to R sub . The inflated disc structure therefore starts R sub rather than at R in , leading to a smaller CF. Also, no significant line emission is expected from R ≃ R in , in contrast with RM results of the higher ionisation lines.
Self-shielding, either due to a flat disc cos θ illumination, or as a self-obscuration effect of the outer disc from the ionising inner disc, yields a smaller R max and a larger CF.
The effect of the AD self-gravity
The derivation above includes only the z component of the gravity of the BH. Is it valid to ignore the AD self-gravity?
The AD self-gravity provides an additional contribution,
where Σ AD (R) = ∫ ρ AD (R, z)dz is the column density of the AD, and ρ AD (R, z) is the AD gas density. The correct expression for the AD height is derived from the condition
The disc self-gravity modifies significantly the H(R) solution when a disc (R) > a BH (R, H), i.e. when
(for H/R ≪ 1). The disc mass is roughly M disc ∼ πR 2 Σ AD , and this criterion translates to M disc > M BH × H/2R. Since H/R ∼ 0.5 (to provide the required CF), the accretion disc self-gravity becomes significant when M disc ∼ M BH . Can the AD be that massive at R BLR ? Likely not, for the following reason. The accretion time scale, t ac (R) ≡ M disc (R)/ M, satisfies t ac ∼ R/v r , where v r is the radial accretion velocity. For the above parameters we get t ac ≃ 10 8 yr, which is of the order of the lifetime of a quasar. 5 Since v r ∼ R/t ac , such a long accretion time implies an extremely small radial velocity of v r ∼ 100 cm s −1 , or v r /v Keppler = 3 × 10 −7 , where v Keppler = GM BH /R ∼ 3 × 10 8 cm s −1 is a typical value at the BLR. Is such a low v r plausible? In the α-disc models v r /v Keppler = α × (H/R) 2 (e.g. Frank, King & Raine 2002) , which implies α ∼ 10 −6 . Typical values suggested are α ∼ 0.1, which implies a much larger v r and thus M disc ≪ M BH . Thus, a significant contribution from the AD self-gravity appears implausible. However, since the value of α remains unknown, the required extremely small value cannot be excluded.
In the standard (Shakura & Sunyaev 1973 ) α-disc solution, which does not include dust opacity, the radius where self-gravity dominates (for AGN discs) is actually typically smaller than R BLR (e.g. Laor & Netzer 1989, eq. 18 there) . This occurs for the following reason. In the absence of dust, the outer disc is extremely thin with H/R ∼ 10 −3 . Since a BH ∝ H, it is correspondingly smaller, while a disc is independent of H. Therefore, the condition a disc > a BH already holds for M disc /M BH ∼ 10 −4 , which occurs at R < R BLR .
The condition to get an inflated disc when the disc selfgravity dominates, is a rad > a disc , or equivalently
which is simply the Eddington limit
per unit area (the factor of two difference reflects the planar versus spherical geometry). 6 Using the AD expression for F (eq. 21), and M disc ∼ πR 2 Σ AD , the condition for an inflated disc is
which is identical to the condition derived above to get a BH > a disc . So, we conclude that if the AD is massive enough for self-gravity to dominate, it will likely also not be inflated by radiation pressure. Note that at large enough R the disc self-gravity inevitably becomes dominant. This occurs since a rad ∝ κF ∝ R −3.87 , while a disc ∝ Σ AD ∝ (Rv r ) −1 , so their ratio a disc /a rad ∝ R 2.87 v −1 r rises sharply with R, and self-gravity inevitably wins.
The dynamic solution
The above solution assumes a static disc atmosphere. However, if dust forms in the disc atmosphere intermittently, then once it forms the local opacity jumps drastically, leading to a rapid acceleration upwards of the dusty patch by the underlying AD thermal IR radiation pressure. Once the static solution height is passed, deceleration starts. But, the gas will continue to rise upwards until it stops, and then falls back to the disc. The maximal hight z dyn (R) reached by the dusty patch, is where the net work in theẑ-direction equals zero.
We find the dynamic solution by solving numerically the value of z dyn (R) which satisfies the following equation
The work done by the radiation pressure is
where z AD (R) is the disc height in the absence of dust, which generally satisfies z AD (R) ≪ z sub (R). The work done by gravity is
An approximate analytic solution
As in the analytic static solution, we assume z dyn ≪ R, and keep terms of z/R up to second order; neglect the disc selfgravity term (right hand side of eq. 69); assume that κ is independent of z, and z AD (R) = 0. Using the above approximations, eq. 68 gives
and eq. 69 gives
Eq. 67 is satisfied for
for z dyn < z sub , and
for z dyn > z sub . Thus, z dyn is simply twice the static solution H(R) at R > R max , while at R < R max , it is a geometric mean of z sub and twice H(R).
How is R max modified in the dynamic solution? The maximum disc height occurs when the two solutions above cross, i.e. where 2H(R) = 2H(R)z sub , or z sub (R) = 2H(R). Since H ∝ R −0.87 and z sub ∝ R 3 , R 3.87 max increases by a factor of 2, and R max by a factor of ≃ 1.2. The functional dependence on all the parameters remains unchanged (eqs. 51-58). Specifically, we get R max,pc = 0. How is the CF modified? Since CF∝ H/R at R max , then the CF increases by a factor of 2/1.2 = 1.67. Specifically, we get
for ǫ = 0.1, and Z/Z ⊙ = 5 (eq. 58), a factor ∼ 3 short of the required value of H/R ∼ 0.65.
The numerical solution
The numerical dynamic solution differs from the analytic approximation by calculating z sub as a function of a, which yields a min (z). We then calculate the dust Planck mean κ(z) based on a min (z), assuming that β and f d do not change. The value of z sub is calculated including also the local AD flux, in addition to the central source flux as a heating source for the dust (cf. eq. 38). As discussed above, the value of κ(z) in the near IR is only weakly dependent on the grain size distribution, and the value of f d will also not change much, as most of the dust mass reside in the largest grains (Fig. 8) .
The integration in eq. 68 is done numerically with a step size dz = 3 × 10 −5 pc. At each z we calculate a min (z), and the corresponding κ(z). The AD height z AD (R) is adopted from Shakura & Sunyaev (1973) . In the explored range of R, z AD (R) < dz. Thus, our results are to a good approximation independent of z AD (R). Figure 11 presents the solution z dyn (R) of eq. 67. It also shows the sublimation curves z sub (R) for a = 1, 0.1 and 0.01 µm. The curves are shifted slightly outward compared to z sub of the static solution (Fig. 10) due to the inclusion of grain heating by the local radiation of the AD. This contribution is small as the local disc T eff ≪ 2000 K (eq. 10). The inflated disc structure starts at R in,2000 = 0.8 × 10 −2 pc and reaches a maximal height of z dyn ≃ 0.39 × 10 −2 pc, about twice the height of the static solution. The value of R max ≃ 2.5 × 10 −2 pc, is about 1.2 times the static solution (Fig. 10) . The changes in H(R max ) and R max , compared to the static case, are about as expected from the above analytic estimates. Figure 11 . Same as Fig. 10 , for a dynamic solution of the BLR vertical structure. The solution curve (thick grey line) is defined by z(R) at which the total work executed on a parcel of gas from the AD surface (thin solid line) is zero. The sublimation curves (dashed lines) are as in Fig. 10 . Beyond the maximal disc height at R > 2.5 × 10 −2 pc, the disc height is about twice the static solution height. At R < 2.5 × 10 −2 pc, a rad = 0 above the highest dashed line, where all dust sublimates. However, the dustless gas can climb up to the solid line, where it halts and falls back to the disc. The CF is about 1.7 larger than in the static solution, but it is still short by a factor of ∼ 3 of the observed CF of the BLR.
The predicted dependence of R max and the CF on the model parameters
The numerical result above, for the model parameters L 46 = 0.1, M 8 = 1, ǫ = 0.1 and Z/Z ⊙ = 5, shows that a dusty disc atmosphere produces an inflated structure with a peak position R max within ∼ 20 per cent of the observed R BLR , and with a CF which is a factor of ∼ 3 too low (see a further discussion below). The predicted dependence of R max and CF on the model parameters allows to explore the validity of the dust inflated AD as the source of the BLR. Figure 12 presents the dependence of R max and CF on L 46 , M 8 , ǫ and Z/Z ⊙ , as derived from the numerical solution. In each panel we varied one parameter, and held the other parameters fixed. The fixed values used are Z/Z ⊙ = 5, L 46 = 0.1, M 8 = 1 and ǫ = 0.1. We fit a power-law to each of the sets of runs, of the form Y = aX b , which provides an excellent fit in most cases. The best fit relation is
which is almost identical to the expected dependence from the analytic static solution which yields (eq. 52), The one exception is the dependence of CF on M BH , which deviates significantly from a simple power-law relation. The drop in the CF for M BH = 10 10 M ⊙ results from the low m for this model, as further discussed below.
DISCUSSION
The dust inflated disc, or equivalently, the failed dusty disc wind proposed by CH11, provides a natural source for the BLR gas. Figure 13 illustrates the global inflated disc structure, based on a dynamic solution with M 8 = 1, L 46 = 0.1 and ǫ = 0.03. This model allows to make some quantitative predictions, discussed below, which can be used to explore the validity of this mechanism.
Earlier studies
The suggestion that part of the broad line emission in AGN originates from the outer regions of the AD was carefully explored in a series of papers by Collin-Souffrin and Dumont (Collin-Souffrin 1987; Collin-Souffrin & Dumont 1990; Dumont & Collin-Souffrin 1990a,b,c) . The AD is assumed to be thin, and the CF issue is addressed by assuming a hard ionising source, which either resides high enough above the AD, or is scattered back on the disc from an extended hot diffuse medium. Given the assumed hard ionising spectrum, and the relatively high density of the AD, this model produces only low ionisation lines. In order to get a nonnegligible CF, the height of the scattering medium needs to be a fair fraction of R BLR . The high ionisation lines are assumed to originate from shocks in a highly turbulent large scale diffuse medium (e.g. Collin-Souffrin et al. 1988) . Although the above scenario is possible, it assumes the required components are there, and does not lead to robust testable predictions.
A closer look at the outer AD height profile, including the effect of the molecular gas opacity, was carried out by Hure et al. (1994) , which indeed revealed an inflated outer region. However, the maximal height implies H/R ∼ 10 −2 , which is far too small. Indeed, the Planck mean opacity derived in that paper at 2000 K (figure 3 there), is about a factor of 100 smaller than derived here based on the MRN dust model (see also Section 3).
Similarly, Czerny et al. (2017) , which explore the broad line profiles derived from the failed dusty wind model of CH11, note in passing the problem of the small CF, which stems from the low dust opacity used.
The high MRN dust opacity, or specifically the high opacity of graphite grains, which survive at T ≃ 2000 K, is the crucial parameter. It leads to a ∼ 50 times larger dust opacity, and a significantly inflated disc strucure, which naturally serves as the source of the BLR gas.
A scattering medium may well be present on the BLR scale, which scatters some of the ionizing radiation back on the AD. However, such a medium needs to have a rather fine tuned optical depth of τ ∼ 0.1 − 0.3, so it scatters back enough ionising radiation to power the BLR, but still allows a direct view of the bulk of the continuum emission from smaller scales.
The innermost dust emitting region
Gas at R BLR , compressed by the incident radiation pressure, reaches a density of n ∼ 10 11 cm −3 (Baskin et al. 2014a ). The sublimation temperature of graphites at this density is ∼ 2000 K. The coolest grains, which survive closest inwards, are the large (a > 0.3 µm) graphite grains, and their thermal emission approaches a blackbody. Since the peak of νB ν (= λB λ ) for blackbody emission occurs at hν = 3.92kT, we expect the hottest dust emission in AGN to peak around λ ≃ 1.8 µm, i.e. in the IR H band. In the simplified earlier treatments of dust in AGN, dust either exists, or fully sublimates at the sublimation radius (e.g., Barvainis 1987; Netzer & Laor 1993; Ferguson et al. 1997; Baskin et al. 2014a ). Since dust heavily suppresses the associated gas line emission, this simplified scenario leads to a sharp transition between an IR emitting region (the so called dusty torus), to a line emitting region (the BLR). However, as discussed in Laor & Draine (1993) , grains of different sizes and compositions, from the smallest silicates to the largest graphites, sublimate over a large range of radii. Line suppression results from the high UV opacity of dust, mostly produced by the smaller (a < 0.1 µm) grains. As R decreases, the value of a min increases, the dust UV opacity drops, and the line emission efficiency gradually rises.
Since the dust IR opacity remains unchanged (or slightly enhanced) even when only the largest graphite grains survive, the gas is still supported vertically by the local thermal IR disc emission, forming an inflated disc structure. This structure is exposed to the ionising continuum, and is an efficient line emitter.
Small grains have T ∼ 2000 K at significantly larger radii. Thus, some of the λ ≃ 1.8 µm emission may come from scales ∼ 10 times larger than the BLR, if such small grains exist there, and absorb a significant fraction of the central optical-UV continuum.
The innermost BLR
In order to launch a dust driven outflow, the disc surface temperature needs to satisfy T eff < T sub to allow grains to exist. The value of T sub depends on n at the disc atmosphere, which is not well constrained. However, the dependence is weak (eqs. 32 and 33), and taking the BLR n ≃ 10 11 cm −3 gives T sub = 2000 K. This indicates the BLR innermost radius, i.e. the smallest disc radius where a dusty wind can be launched, is
or R in = 0.018L
1/2 46
pc. For n in the range of 10 8 − 10 14 cm −3 , one gets T sub = 1700−2350 K (Fig. 1) , which occurs in the disc at 0.8-1.24R in , i.e. a ±0.1 uncertainty in log R in . The value of R in is about a factor of 5.5 smaller than R BLR , based on RM of the Balmer lines. RM of the He ii lines gives a size which is a factor of ∼ 5 smaller than R BLR . The He ii size is consistent with RPC modelling, which indicates that the He ii emissivity extends down to about 0.2R BLR , in contrast with the low ionisation lines, where RPC yields peak emissivity at R BLR . Gas further inwards will not emit He ii efficiently, if its density and ionisation structure is set by RPC.
RPC models predict that the peak emissivity of higher ionisation lines occurs at even smaller R (Baskin et al. 2014a , fig. 5 there) . In particular, the N v emissivity of photoionized RPC gas peaks at ∼ 0.1R BLR , and the Ne viii emissivity peaks below 0.03R BLR . The RPC predictions of the various line emissivity as a function of distance, do not address the origin of the photoionized gas, and just assume the gas is there. RM of the higher ionisation lines can therefore be used to test the validity of the inflated disc model for the origin of the BLR gas, as it predicts a clear cutoff in line emission below R in . If their response peaks well below R in , that will clearly exclude a dusty disc wind as the origin of the BLR gas, as it will indicate other processes feed gas into the AGN ionisation cone at R < R in .
Note that the outermost radius of the BLR is set by the dust sublimation radius (Netzer & Laor 1993) , regardless of the origin of the dusty gas. The inflated disc structure leads The AD is inflated due to the dust opacity, leading to a torus structure. The illuminated face is composed of dustless gas, and is a natural origin for the observed BLR emission. In the dusty BLR region, only large grains avoid sublimation, and given the reduced dust opacity in the UV, this region will produce both unreddened line emission and IR emission. The back side of the torus is dusty and produces mostly hot dust emission. The dynamics due to the illuminating optical-UV from the central source is not included. This radiation pressure will likely drive a tangential sheared wind off the surface photoionized layer, which will increase the CF of the BLR gas.
to peak disc height at R max which is very close to R BLR (Section 4.1.3), but the more stringent test will be provided by the measured value of R in from the higher ionisation lines.
The position of the peak height
The CF of the dusty gas is set by the joint effect of M, which sets H(R) of the dust inflated disc structure, and L obs , which sets z sub (R) of the illuminated photoionized surface layer.
The value of the AD T eff at R sub also plays a role, as it sets the value of the dust κ, which also affects the value of H(R).
If L obs is isotropic, then there is effectively a vertical sublimation wall at R sub , rather than z sub (R) which rises with R. In the isotropic illumination case, the failed dusty wind mechanism does not operate. A grain of a given size either exists at all heights above the AD (R > R sub ), or does not exist (R < R sub ). The AD inflated structure solution for H(R) extends down to R sub = 0.15L 1/2 46 pc, set by a ≥ 0.3 µm grains, i.e. down to 1.5R BLR . Line emitting gas extends further out to 3R BLR , set by the a > 0.1 µm grains sublimation, which keeps the dust UV opacity is low. The critical problem here is that the dustless AD at R < 1.5R BLR is very thin, with H/R ∼ 10 −3 , and will not be exposed to the ionising continuum. In contrast, RM of the He ii ion indicates significant line emission extends down to ∼ 0.2R BLR . We therefore conclude that an isotropic L obs is excluded, if the inflated disc is the origin of the BLR gas.
If L obs is non-isotropic, then R sub is set by L obs (µ). If L obs → 0 then naively R sub → 0. However, the dust is also heated by the underlying local AD emission, which sets a minimal radius at R in .
The maximal height of the disc H max occurs at R max where the z sub (R) and the H(R) solutions cross. For L bol ∝ µ, the maximal height occurs at R max = 0.8R BLR for the static solution, and R max = R BLR for the dynamic solution, for ǫ = 0.1, Z = 5, M 8 = 1 and L 46 = 1. The parameter dependence is R max ∝ L 0.58 (Fig. 12) , consistent with the observed relation R BLR ∝ L 0.52−0.56 , and the associated errors in various RM studies (Kaspi et al. 2005; Bentz et al. 2009 Bentz et al. , 2013 . There is an additional predicted very weak dependence of R max ∝ M 0.08 BH , likely too weak to be detectable. There are additional predicted weak, but possibly detectable relations of R max ∝ Z 0.26 and R max ∝ ǫ −0.33 , where the main observational challenge is getting reliable estimates of Z and ǫ (see further discussion below).
The CF
The amplitude problem
Although R max agrees remarkably well with R BLR , both its value and its luminosity dependence, the derived CF falls too short. About ∼ 30 per cent of the estimated ionising continuum needs to be absorbed by the photoionzed gas to explain the observed EW of most lines Maiolino et al. 2001; Ruff et al. 2012; Baskin et al. 2014a ). Since the isotropic illumination case is ruled out (see above), then the simple alternative assumption of L obs ∝ µ implies that CF∼ 30 per cent requires H/R ∼ 0.65, in contrast with H/R = 0.23 derived above for plausible parameters (eq. 74). Are there plausible effects which can increase the CF?
A simple solution is that ǫ ≃ 0.01, rather than 0.1, which leads to H/R ≃ 0.5 (eq. 74). Such a low radiative efficiency likely applies in some objects, but is unlikely as a typical value (Soltan 1982; Yu & Tremaine 2002; Marconi et al. 2004; . However, the above estimates are based on the value of M which reaches the centre and produce L bol . But, the CF is set by the value of M at the BLR, M BLR . Can 90 per cent of M BLR not reach the centre? A fraction of M BLR is likely lost in a wind (see below), and may provide part of the solution.
An additional potentially significant effect is the radiation pressure of the illuminated dust IR emission, emitted by dust just below the photoionized surface layer. If the near IR optical depth of the inflated AD structure is not too large, some of the near IR emission will diffuse through the torus structure, and escape from the other side. The momentum flux of this radiation will provide additional vertical support, increasing H. This mechanism lies at the hurt of the various AGN torus models (e.g. Chan & Krolik 2016) , which are supported by the IR reemission of the dust illuminated by the central AGN emission. Exploring this solution requires a detailed radiative transfer model, and is also sensitive to the assumed optical depth of the configuration. A related mechanism is the momentum flux of the incident optical-UV emission, which is further discussed below Alternatively, the derived CF∼ 0.3 may be an overestimate. This value is based on the observed ionising continuum SED, which is measured only in luminous high-z quasars. If the typical ionising SED in lower luminosity AGN is significantly harder, then the required CF will be significantly lower. In addition, mild reddening is likely prevalent (Stern & Laor 2012; Baron et al. 2016) , which again implies a typically harder intrinsic ionising SED, and a smaller CF.
Similarly, the ionising SED we observe is at a line of sight which is typically close to face on. If it is significantly softer than the ionising SED close to an edge on view, which the BLR sees, the required CF will again be lower. Such a situation is expected due to Doppler beaming of the radiation from the innermost disc (e.g. Laor & Netzer 1989) , although the innermost disc may not be geometrically thin (Laor & Davis 2014) .
The dependence on model parameters
The CF is inferred from the broad lines EW. A well known trend is the Baldwin relation, where the EW of most lines (excluding the Balmer lines and N v) decreases with increasing luminosity (see review in Osmer & Shields 1999) . The dependence of the slope of this relation on the ionisation energy suggests it is driven, at least partly, by a softening of the ionising SED with increasing luminosity (e.g. Scott et al. 2004 ). This effect is not explored in the current analysis, as we assume L bol has a fixed SED at all luminosities. However, an additional trend which appears to be driving some of the lines, in particular C iv, is the value of m (Baskin & Laor 2004; Warner, Hamann & Dietrich 2004; Bachev et al. 2004) .
The dynamical solution gives a relatively strong dependence of the CF on ǫ with H/R ∝ ǫ −0.70 (eq. 76, Fig. 12 ), but unfortunately, ǫ is generally not well determined. A possible relation of the form ǫ = 0.089M 0.52 8 was suggested by , which together with eq. 76 implies
This suggests a gradual increase in the CF with m, in contrast with the observed trend of a decreasing EW of C IV with m. However, there are strong indications for a trend of increasing Z with m (e.g. Shemmer et al. 2004) , which coupled with the expected softening of the ionising SED with increasing Z (Laor & Davis 2014) , may lead to the observed drop in the C IV EW with increasing m. A more robust indicator of the CF of the inflated disc torus is the ratio of the near-IR luminosity, L NIR , to the estimated L bol . In contrast with the emission lines, which are set by the extreme UV SED, which is not directly observed, the dust emission is largely set by L bol , about half of which is directly observed (optical to near UV). In addition, the torus is likely very optically thick, and absorbs and reradiates all the incident radiation, independent of the dusty gas density, ionisation state, and metallicity. Mor & Trakhtenbrot (2011) and Mor & Netzer (2012) studied the hot dust component in the IR SED of AGN for L bol ≃ 10 44 − 10 47 erg s −1 , and found that its strength implies a median CF∼ 0.3, consistent with our result that the BLR and the hot dust are produced by front and back sides of the same inflated disc component. In addition, the CF of the hot dust decreases with increasing L bol and m, as deduced for the BLR from the EW of most broad lines. As mentioned above, the apparent drop in the CF may also be an artefact which results from the wrong assumption of a fixed SED, while there is a drop in the bolometric correction factor, as the SED gets softer with increasing luminosity.
The effect of a variability
AGN are known to be variable on timescales of years, or shorter. The disc height is driven by the value of the local accretion rate at R BLR , M BLR . As discussed above (4.1.5), the accretion timescale from R BLR is likely very long, ∼ 10 5 − 10 8 yr, and may be considered constant on years timescale. Using the numerical solution (eq. 76), with ǫ ∝ L/ M, gives
The ∝ L −0.44 drop of the CF with luminosity results from the following mechanism. The value for H(R) is independent of L when M BLR is constant, but R max ∝ L ∼1/2 due to the increasing sublimation radius. Since CF∝ H/R, one expects CF∝ L ∼−1/2 . This mechanism is identical to the receding torus model, suggested by Lawrence (1991) , to explain the possible drop in the obscured fraction of AGN with increasing luminosity. A drop in the CF due to the receding torus effect should be evident through a drop in L NIR /L bol with increasing L bol . In contrast, if M BLR follows M, and both follow L, then H ∝ L, leading to CF∝ H/R ∝ L ∼1/2 , which is not observed.
We therefore expect the emission line EW, in a given object, to go down when the luminosity increases. However, this should occur on timescales longer than the dynamical timescale at the BLR, τ dyn ∼ 100R BLR /c = 30L 1/2 46 yr (for v ∼ 3000 km s −1 at the BLR). On shorter timescales, the vertical gas distribution remains effectively frozen, and the line EW will remain unchanged. The well known intrinsic Baldwin effect (Pogge & Peterson 1992; Wilhite et al. 2006) , of a drop in the lines EW with increasing luminosity, apparently occurs on timescales faster than τ dyn . It may be driven by a non linear dependence of the line driving UV continuum on the observed continuum.
When is the BLR absent?
Below we show that the inflated disc solution implies that below some m value, the BLR emission will effectively disappear. This occurs for conditions which allow the dust to survive in the illuminated face of the inflated disc. Such objects would then become the so-called true type 2 AGN, where the BLR emission disappears, but both the NLR emission and the continuum emission are directly observed (e.g. Tran 2001; Bianchi et al. 2012) .
The inflated disc structure inevitably terminates at R in , where the disc atmosphere is too hot to support dust. In the examples presented above (Figs 10-13 ), H(R in ) lies well within the dust sublimation sphere. However, what happens if H(R in ) < z sub (R in )? That is, the highest possible point of the inflated disc does not enter the sublimation sphere. So, although the inflated disc is illuminated by the ionising radiation, the photoionized gas remains dusty, and thus an inefficient line emitter. The BLR emission will be suppressed, but the NIR dust emission will remain. For which parameters does this happen?
We first derive H(R in ), adopting the static solution. Since κ 50 = 1.08Z/Z ⊙ for T = 2000 K, the AD temperature at R in , we get (eq. 23)
The dust UV opacity is carried by the smaller grains. Therefore, dust suppression will start to become significant when H < z sub for the a = 0.1 µm grains, and will become maximal when H < z sub for the a = 0.01 µm grains. Using eqs. 7 and 50, we get
for the a = 1, 0.1 and 0.01 µm grains, respectively. Therefore, H < z sub holds for
Thus, at 0.025 < m×Z/Z ⊙ the illuminated gas is dustless, and line emission remains unaffected. For 0.0065 < m × Z/Z ⊙ < 0.025 the illuminated BLR gas includes large, a > 0.1 µm, grains, which produce little UV opacity. The line emission will not be significantly affected, but depletion to grains may affect the gas phase abundances, and the gas cooling and ionisation states may also start to be affected by the grains. At 6.5 × 10 −4 < m × Z/Z ⊙ < 0.0065, smaller grains can survive, and the dust effects will increase. At m × Z/Z ⊙ < 6.5 × 10 −4 we get the full effect of the dust, which reduces the BLR emission by about an order of magnitude (e.g. fig. 5 in Baskin et al. 2014a ). Since CF∝ m 0.26 (eq. 78) there is an additional decrease in the line strength due to the reduction in the CF, by an additional order of magnitude compared to the m ∼ 0.1 − 1 objects, making the BLR emission effectively gone.
Other scenarios for the origin of the BLR gas, which invoke a general case of disc wind, also predict the BLR should be absent below some m value, which may depend on M BH (e.g., Nicastro 2000; Elitzur & Shlosman 2006; Elitzur & Ho 2009; Elitzur, Ho & Trump 2014 ). An alternative scenario for the absence of BLR emission is that the BLR gas is there, but the AD is too cold (at low enough m), to provide the ionising photons to excite the lines . In this case the NLR emission will also disappear, leading to a lineless quasar, rather than a true type 2 AGN.
On the other hand, the disappearance of the BLR may be an artefact of the inevitable broadening of the broad lines with decreasing m, as R BLR gets smaller, which makes the broad lines too weak and broad to detect from the ground, due to the host dilution. High spatial resolution HST observations of a few nearby m ∼ 10 −4 − 10 −5 AGN indeed reveal BLR emission (Bower et al. 1996; Ho et al. 2000; Shields et al. 2000; Barth et al. 2001) . The presence of a BLR, despite the low m in these objects, may reflect their low accretion efficiency.
A simple prediction of the dust inflated disc solution is that the required threshold m value is independent of M BH , but is Z dependent. The BLR will be visible to lower m values in higher metallicity objects. In addition, in contrast with some of the above models, which predict that the near IR emission disappears together with the disappearance of the BLR, the inflated disc model suggests hot dust emission is still present. However, given the expected weakness of the emission (since CF∝ m 0.26 ) it will be hard to detect, in particular against the host emission, which inevitably dominates in low m objects. It may take mas-resolution near-IR interferometry to detect the hot dust in the nucleus on pc scale (e.g. Kishimoto et al. 2011 Kishimoto et al. , 2013 , as part of the directly observed continuum in unabsorbed type 2 AGN.
Wind
Below we discuss the conditions where the inflated disc structure is expected to produce a wind. We first discuss the case where the wind is driven by the local disc IR emission, assuming the dusty gas is shielded from the central ionizing source, and when it is unshielded and subject to sublimation. We also briefly discuss a wind driven off the inflated disc by the incident optical-UV emission of the central source.
How thick can the torus get?
The static solution for H(R) was found above by the requirement that a BH = a rad in the z direction. Such a static solution exists for z ≪ R, as a BH ∝ z, and a rad is a constant. However, at z ≫ R, a BH ∝ z −2 . Since a BH rises at small z and falls at large z, it has a maximal value a BH,max at a certain z max . If a rad > a BH,max at a given R, then a rad dominates at all z, a static solution is not possible, and a wind is inevitably formed. Using the full expression, a BH = GM z/(R 2 + z 2 ) 3/2 (eq. 19), the condition da BH (R, z)/dz = 0 occurs at z max = R/ √ 2, which forms the maximal possible thickness for the static disc solution (see Fig. 9 ). The same height limit also applies in the dynamic solution, as gas which reaches z > z max at a finite positive vertical speed, will now feel a positive vertical acceleration, and will form a wind. Thus, the thickest torus structure, either static or dynamic, has H/R ≤ 1/ √ 2. What is then the implied maximal CF? As noted above (following eq. 58), for the L obs ∝ µ illumination, the fraction of the absorbed continuum, i.e. CF, is µ 2 0 . Since µ 0 = H/ √ H 2 + R 2 , we get that CF(z max ) = 1/3, similar to the BLR observations which give CF∼ 0.3.
It therefore appears that the BLR torus typically extends to its maximal possible thickness. It is therefore plausible to assume that some fraction of the BLR gas will be pushed above z max , become unbound and form a wind.
The discussion above concerned only the shape of the region where gas can be confined. But, when do we expected the gas to be able to reach z max ?
IR driven wind with no central illumination
The maximal vertical acceleration the BH can produce at a given R, a BH,max (R) ≡ a BH (R, z max ), is
If a rad (R) > a BH,max (R), then the local radiation pressure will push the dusty gas above z max , and a wind is inevitably formed. Using the local disc flux (eq. 21), the condition is
and a wind is therefore expected at
or in convenient units
However, the value of R wind cannot be smaller than R in (eq. 9), so that dust can be present in the disc atmosphere. The constraint R wind ≥ R in (for T 2000 = 1 in eq. 7) requires that
Note that κ 50 = 1.08Z/Z ⊙ for T 2000 = 1 (eq. 45). The above expression, together with eq. 8, and the relation L 46 ≃ L opt,45 , gives
which is quite similar to the condition for an electron scattering driven wind ( m > 1). This similarity is actually just a coincidence, as the local Planck mean dust opacity is ∼ 125Z/Z ⊙ larger than the electron scattering opacity, while the driving is by the local disc IR emission, which is only a small fraction of L bol used in the definition of m. The two factor happen to nearly cancel out, leading to similar limits on m for the two driving mechanisms. The above derivation assumes dust still persists at z max = R/ √ 2. This holds generally if the dust is not illuminated by the central continuum source. This can happen if there is some obscuring structure between the centre and the outer disc, which shadows the outer disc. Alternatively, one may envision a non steady state accretion disc, where the outer accretion rate M BLR , is much larger than M in the inner disc. The later case may correspond to a new accretion event, where the high M reaches the BLR, but does not reach the centre yet.
In both cases, the outer disc will self-regulate the inflow rate, and will not allow it to exceed the Eddington rate, and the excess M will escape as a wind from the outer disc. If the outer M corresponds to m ≫ 1, one expect a massive wind of dusty gas, which may obscure the source completely.
IR driven wind with central illumination
The central source illumination will generally sublimate the dust well before it reaches z max . For which parameters can the illuminated gas still reach z max = R/ √ 2 and form a wind? From the analytic solution for H/R in the dynamic case (eq. 57 with the correction factor of 1.67), we get that a wind is expected when 
For a typical L 46 = M 8 = 1 quasar, with a plausible Z/Z ⊙ = 5, a wind requires ǫ < 0.02. Such a low ǫ is not expected to be common, as the likely mean value is ǫ ∼ 0.1 (see Section 5.5.1). However, if M BLR > 5 M, a local IR driven wind will be formed.
UV driven wind
The optical-UV continuum, incident on the BLR, provides both energy and momentum fluxes. The energy flux photoionizes the gas, and heats and potentially sublimates the grains. The momentum flux compresses and accelerates the gas. The component of the momentum flux, which is perpendicular to the local surface element, compresses the gas (e.g., Pier & Voit 1995; Stern et al. 2014; Baskin et al. 2014a; Namekata & Umemura 2016) . The tangential component of the momentum flux, which is absorbed in the surface photoinized layer, can produce a force which far exceeds gravity, and leads to a wind which ablates the surface layer of the exposed gas. What is the expected mass loss in this wind, M wind ? The photoionized surface layer is expected to be dustless (e.g. Fig. 13 ). The mean induced acceleration relative to the electron scattering acceleration in that layer is a/a es ∼ 10−40 (e.g. fig. 9 , left panel, in Baskin, Laor & Stern 2014b) . The thickness of the layer with a/a es > 10 is Σ ion ≃ 1.5 × 10 22 cm −2 . The acceleration is
where f is a geometrical factor of order unity, which depends on the incident angle of the ionising radiation, with respect to the local surface element. The acceleration extends along the surface layer of the illuminated face of the inflated disc, which is a fraction of R BLR . This leads to a terminal velocity of
in the radial direction, parallel to the surface layer. Since the local escape speed is √ 2v Kepler , and the gas originates from a disc with a tangential velocity v Kepler , the gas escapes if the radial component also reaches v Kepler , i.e. if f a a es m > 1. Using plausible values of f = 0.5 and a/a es = 20, gives
If m < 0.1, most of the sheared surface layer will not escape, and will form a failed wind. Since v Kepler = GM/R, we get for the BLR
Since m = 0.8L 46 M −1
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, we get the simple relation
The wind forms an outflowing thin surface layer, moving parallel to the inflated surface layer. The cross section area of the wind is 2πR BLR D, where D is the thickness of the layer, and the mass flux per unit cross section area is nm p v wind , where m p is the proton mass. Since the layer is of photoionized gas, Dn ≃ Σ ion . The associated mass loss, from both sides of the AD, is therefore
This yields
This value is comparable to the accretion rate M 1 = 0.176ǫ −1 L 46 (eq. 25). It indicates that the UV driven flow, off the BLR surface, can form a significant component in the system, as it involves a significant fraction of the accretion rate. However, most of this flow forms a failed wind, and will fall back to the disc, if m < 0.1. This sheared surface layer wind, or ablation wind, will stream parallel to the local inflated AD surface. Once the stream leaves the disc surface, it will not be supported radially on its back side by the dense large-column disc gas, but it may still be confined by the ram pressure of the lower density ambient medium it runs into (e.g. Baskin et al. 2014b , sec. 2.1.1 there). However, dense gas pushed into low density gas is Rayleigh unstable, and this stream will likely break apart within a certain distance.
This expected sheared-layer wind has properties similar to the absorbing gas seen in Broad Absorption Line Quasars (BALQs). It has velocities typical or somewhat larger than in the BLR (Baskin, Laor & Hamann 2015) , and lacks absorption by low ionisation lines, due to the sharp drop in the shearing force of the radiation acceleration in that layer (Baskin et al. 2014b ). The observed mean CF of the BALQ outflows is estimated to be ∼ 0.15, depending on inclination indicators and the strength of the extreme UV emission (Baskin, Laor & Hamann 2013) . Thus, this ablation wind can provide a significant additional source of line emission for the higher ionisation lines. It may provide the mechanism which fills in the stable volume above the disc, leading to the observed typical CF∼ 0.3.
This ablation AD wind is also a natural source for the observed BLR wind component (Richards et al. 2002) , detected in the higher ionisation lines, as expected since the sheared layer is composed mostly of the higher ionisation state gas. Also, this component is always blue shifted, as expected from a disc outflow, since the back side is obscured by the AD. The lower ionisation line profiles show a more symmetric profile, and are attributed to the so called BLR disc component. This is consistent with the inflated disc model for the BLR, as the lower ionisation lines, which originate mostly beyond the ionisation front, are produced on the photoionized surface layer of the inflated disc structure.
The BLR emission line profiles
There is a well known systematic change in the BLR emission profiles, which change from Lorentzian profiles, when the lines are narrow, to Gaussian or flat top, or even double peaked, when the lines are very broad (e.g. Collin et al. 2006; Kollatschny & Zetzl 2013) . A Lorentzian profile likely reflects a large range of emitting radii, where the broad wings are produced from smaller radii, as also indicated from various RM campaigns (Pancoast et al. 2014) . A Gaussian profile likely reflects a smaller range of radii, and a double peaked profile is expected from a BLR with a small range of radii, which effectively forms a ring.
What is the expected range of BLR radii, when it is formed in a dusty inflated disc? The BLR extends from R in to R max . Using R max (a = 0.1 µm) as the effective outer radius for the BLR, R out , we get using eqs. 7 and 51, and the dynamic solution correction of 1.2 to R max (paragraph following eq. 73), that
The parameters Z/Z ⊙ ≃ 5 and m ∼ 1, give R out /R in ∼ 7, which goes down to R out /R in ∼ 1.5 for Z/Z ⊙ ∼ 1 and m ∼ 0.01. Since M BH ∝ v 2 R BLR , where v is the typical velocity at the BLR, and R BLR ∝ L 1/2 , we get that m ∝ L 1/2 v −2 . Thus, objects with low v generally have high m, consistent with the observed trend of a Lorentzian line profiles in narrow line AGN. If the above mechanism is valid, the main driver for a Lorentzian profile is m, rather than v. Given the significantly weaker dependence of m on L, one needs a large range in L to find if the driving parameter is indeed m, rather than v, as apparently observed.
Another prediction is a trend of the profile shape with Z, as higher Z should be associated with more Lorentzian profiles. However, the expected dynamic range in Z is small, and its estimated value tends to be uncertain, so it is probably not a robust way to test the above prediction for the origin of the BLR line profiles.
Hot Dust Poor AGN
Some AGN clearly lack significant emission by hot dust (Jiang et al. 2010; Hao et al. 2010 Hao et al. , 2011 Jun & Im 2013; Lyu, Rieke & Shi 2017) . In the most extreme cases the observed optical-UV spectral slope extends to the near IR, with a slope consistent with the predicted slope of ν ∼1/3 from the outer accretion disc emission. This SED indicates the AD indeed extends out to the BLR, as assumed here, and possibly further outside. A similar pure AD SED, from an AD which extends out to the BLR, is also seen in IR spectropolarimetry of some AGN with the regular near IR bump, where the polarisation excludes the hot dust emission, and allows to detect the underlying clean AD emission (Kishimoto et al. 2008) .
There are contradicting claims concerning the relation of the relative strength of the near IR emission and other AGN emission properties. The relative strength of the near IR emission is clearly set by the hot dust illumination, which depends on both the inflated disc geometrical CF, and the inclination dependence of the central source illumination. Since the broad line and near IR emission come from the same component, we expect them to be correlated. Or, equivalently, that the near IR to optical-UV flux ratio, will be correlated with the broad lines EW, excluding extremely low m objects discussed above (Section 5.5.4).
One should keep in mind that some of the lines are more sensitive to the shape of the ionising SED, and also to Z, while the dust emission is a measure of the integrated optical-UV SED only. Also, the possible wind component, sheared off the inflated disc surface, is not expected to be associated with hot dust emission. In addition, although a few AGN are consistent with no detectable hot dust emission (Jiang et al. 2010) , in most Hot Dust Poor (HDP), or Hot Dust Deficient (HDD) AGN, the near IR emission is suppressed by less than a factor of two (e.g . table 3 in , so the expected suppression of the associated broad line emission will also not be dramatic. Since CF∝ Z 0.56 (eq. 79), and Z appears to be related to m (Shemmer et al. 2004) , we expect objects with a low m to present weaker dust emission. Since Z in the Universe drops with increasing z, and decreasing host galaxy mass (Mannucci et al. 2010) , this may explain the extreme low dust emission observed in a couple of z ∼ 6 quasars, with low M BH values, which may indicate a low host galaxy mass (Jiang et al. 2010 ).
Application to other systems
Accretion discs are observed in other accreting systems from protoplanetary systems to X-ray binaries (XRBs). Is the dust inflated disc solution relevant in these systems?
In XRBs, M 8 ≃ 10 −7 and M 1 ∼ 10 −7 , which implies R in ∼ 10 12 cm (eq. 7), or ∼ 7 × 10 5 R g . This radius is comparable, or larger, than the typical binary separation in these systems (Remillard & McClintock 2006) . Thus, the AD in XRBs is generally too hot to harbour dust.
In other accreting stellar systems, such as symbiotic stars, young stellar objects, or protoplanetary systems, the central object mass is ∼ M ⊙ , comparable to XRBs, but the accretion rate is typically a few orders of magnitude smaller, and the AD will be significantly colder. Since R in ∝ (M M) 1/3 , it can be a factor of 10-100 smaller, so if the central object is not a compact object, the entire disc can be dusty. However, as we show below based on simple considerations, dusty gas in thermal equilibrium, on the relevant scale of these systems, is inevitably gas pressure dominated. Assume a gas cloud, with a size H, density n, temperature T, and flux weighted mean opacity κ. In full thermal equilibrium, the gas and the radiation temperatures are equal. The ratio of their pressures is therefore P rad P gas = σT 4 τ nk B T ≃ σκm p T 3 ck B × H = 9.15 × 10 −12 κ 50 T 3 2000 H(cm) ,
where τ = κΣm p is the optical depth of the gas cloud, and Σ ≃ nH. The condition P rad > P gas holds when H > 1.09 × 10 11 κ 
However, geometry requires H < R in , and since R in ∼ 10 10 − 10 11 cm, the vertical scale in the accretion discs is not large enough to allow P rad > P gas to build up inside the disc, even in the hottest region where dust can survive. The AD is gas pressure dominated, and its vertical structure will not change dramatically once dust can survive at R > R in , .
In contrast, the dusty gas opacity does change dramatically at R in . The disc may be optically thin to the central source illumination at R < R in , but become optically thick at R > R in . The central source radiation may go horizontally through an optically thin AD, until it hits a wall of hot dust at R in , which shields the region at R > R in . This will lead to distinct continuum emission feature in the near IR of the hottest dust, and a spatially resolved ring at R ∼ R in of hot dust emission (Dullemond & Monnier 2010) .
In AGN, the value of H ≫ 10 11 cm and allows P rad /P gas ≫ 1, which inevitably leads to a dramatic change in the disc vertical structure due to the opacity jump at R in . A similar ring of hot dust emission should also be present in AGN, due to the inflated disc structure illuminated directly by the central source. However, even in the nearest AGN, say at 10 Mpc, the angular size of a structure of a size of 10 −2 pc (R BLR in low luminosity AGN) is only 10 −9 rad=0.2 mas, which requires a baseline of 3 km to resolve for λ = 3 µm. So, direct imaging of the hot dust ring in AGN, which marks the BLR, is beyond current technologies (but see Stern, Hennawi & Pott 2015) 6 CONCLUSIONS CH11 suggested that the BLR is formed by a failed dusty AD wind. Here we explore the expected dust properties in the innermost parts of AGN, the implied accretion disc vertical structure, and whether it can provide the CF of the BLR in AGN. We find the following: (i) Large graphite grains (a > 0.3 µm) sublimate only at T grain ≃ 2000 K at n ∼ 10 11 cm −3 . Thus, they survive the AGN illumination down to R BLR , while at the AD surface the large graphite grains survive down to R in ≃ 0.18R BLR . Their Planck mean opacity is ∼ 50 times larger than previously assumed.
(ii) The AD at R > R in is inflated by the radiation pressure of the thermal disc emission, which leads to an inflated disc profile of H ∝ R −0.87 . Dust sublimation by the central optical-UV illumination, which scales as L obs ∝ µ, leads to a torus like structure, where the illuminated face of the inflated disc produces the BLR emission, and the back side is a source of very hot dust emission.
(iii) The peak height of the torus structure occurs at Further increase is expected from ablation of the inflated surface layer by the incident ionising radiation, and the resulting surface layer wind.
(v) The material above the disc becomes unbound when H > R/ √ 2, which corresponds to CF= 1/3. This naturally explains the observed mean CF∼ 0.3, if the BLR gas typically fills all the available volume for bound disc gas. This also suggests that some fraction of the BLR gas likely becomes unbound and escapes as a wind.
(vi) For m < 0.025(Z/Z ⊙ ) −1 , large grains can survive in the illuminated BLR gas, which does not affect the line emission significantly. For m < 0.0065(Z/Z ⊙ ) −1 , smaller grains survive, and dust absorption starts to suppress the line emission. At m < 6.5× 10 −4 (Z/Z ⊙ ) −1 , the line emission is strongly suppressed by the dust. Such objects will not show BLR emission, but will still show some hot dust emission.
(vii) If the disc optical-UV emission does not illuminate the outer dusty disc, then the local IR emission is sufficient to produce a strong dusty wind, if m > 1, which may completely obscure the source.
(viii) Since the accretion time from R BLR inwards is of order ≥ 10 5 yr, the value of M BLR may differ from M in the inner disc. If M BLR ≫ M, the SED may be dominated by the disc IR emission, with a relatively weak BLR. If M BLR ≪ M, then optical-UV continuum will be observed, but the BLR will be absent.
(ix) The optical-UV illumination of the inflated disc surface, inevitably leads to a sheared surface layer wind of ionized gas. The implied mass flux through this surface wind is comparable to the accretion M, and this wind is therefore a significant component in the system. It will enhance the CF of the higher ionisation emission lines, produce a wind component of the BLR lines, and broad UV absorption by high ionisation lines (i.e. BALs).
(x) The most robust test for the dusty disc wind origin for the BLR, is the presence of an inner boundary for the BLR at ∼ 0.18R BLR , below which a dusty disc wind cannot be formed.
The dusty disc wind scenario provides a useful working hypothesis for understanding the origin of the BLR, and potentially explaining various types of behaviours observed in the BLR. Studies of the response of the hot dust emission to the UV continuum variability, in particular studies of possible structural changes on the dynamical timescale, will provide important constraints on this scenario (e.g. Kishimoto et al. 2013; Schnülle et al. 2015) .
In addition, radiation hydrodynamic models are required to solve the nature of the vertical structure of the dusty disc (e.g. Jiang, Stone & Davis 2013; Davis et al. 2014) , the effect of the incident central continuum on this structure (e.g. Proga et al. 2014) , and the structure of the resulting disc wind (e.g. Zhang & Davis 2017) . Since radiation pressure in the BLR inevitably leads to a structure on a scale of 10 −5 of the size of the system (e.g. Baskin et al. 2014a,b) , the numerical schemes need to be carefully adapted to be able to resolve this crucial scale (e.g. Namekata & Umemura 2016).
We note in passing that the implied column of the inflated disc in the radial direction, n∆r ∼ 10 10 × 10 17 cm −2 , is highly optically thick, and given the observed CF∼ 0.3, it is likely a major source for obscured AGN. At low enough T BB all grains are transparent, and the opacity becomes independent of the grain size distribution. Increasing a min and a max reduces the high T BB opacity, as the fraction of small grains, which dominate the contribution to the UV opacity, is reduced. For all three distributions, the dust opacity is dominated by graphite opacity above T BB ≃ 1000 K. Fig. A1 for the Rosseland mean opacity. The total dust opacity κ Ros is dominated by the graphite opacity only from T BB ≃ 2000 K, rather than from 1000 K as for κ Pla (Fig. A1) . The only exception is the distribution with a min = 0.2 µm, for which the silicate and graphite opacities become comparable again at T BB ≃ 10 4 K. Generally, the values of κ Pla and κ Ros are similar, which reflects the relatively gradual change of the absorption cross sections with λ over the range of integration. a The coefficients are fitted in the range of 500 < T BB < 2500 K. b The slight difference in δ compared to the value of 1.94 which is quoted in eq. 44 is due to the different sampling in T BB that is used for fitting the coefficients. The values in the table are derived using a sampling of 0.05 dex, while linear steps of 10 K are utilized for eq. 44. 
